Assessing urbanization dynamics in Turkey’s Marmara region using CORINE Data between 2006 and 2018 by Genel, Özlem & Guan, ChengHe
remote sensing  
Article
Assessing Urbanization Dynamics in Turkey’s Marmara Region
Using CORINE Data between 2006 and 2018
Özlem Altınkaya Genel 1,2 and ChengHe Guan 3,4,*


Citation: Genel, Ö.A.; Guan, C.
Assessing Urbanization Dynamics in
Turkey’s Marmara Region Using
CORINE Data between 2006 and 2018.




Received: 9 January 2021
Accepted: 10 February 2021
Published: 12 February 2021
Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-
iations.
Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
1 Kenniscentrum NoorderRuimte, Hanze University of Applied Sciences, Groningen Zernikeplein 1,
9747 AS Groningen, The Netherlands; o.genel@pl.hanze.nl
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Abstract: This study investigated the urban growth dynamics of urban regions. The study area was
the Marmara Region, one of the most densely populated and ecologically diverse areas in Turkey.
Using CORINE land cover data for 2006, 2012, and 2018, the study utilized multiple correspondence
analyses and cluster analyses, to analyze land cover changes. The resulting maps, visualized in GIS,
revealed the rapid urban transformation of the regional structure, formerly comprised of four distinct
areas, into a more complex structure, in which densification and sprawl occur simultaneously. Our
findings demonstrated a dissonance between the spatial dynamics of the Marmara Region during
the study period, and the capacity and scope of the simultaneously initiated regional policies and
mega-projects. This uncoordinated approach has endangered the region’s sustainable development.
The paper, therefore, discusses the importance of land use planning and transboundary collaboration
for sustainable regional development. Beyond the local case, the results contribute to critical theories
in regional planning by linking theory and practice.
Keywords: urban regions; urbanization patterns; densification and sprawl; multiple correspondence
analyses; cluster analyses; CORINE data; the Marmara Region
1. Introduction
Urban regions are being shaped by increasingly rapid expansion and densification,
accompanied by efficient communications, transportation systems, and economic activ-
ity [1,2]. In 2018, the United Nations predicted that 68% of the world population will live in
urban areas by 2050 [3]. To achieve current sustainable development goals, all stakeholders
urgently need to understand the spatial and temporal transformation of contemporary
urban regions. However, there is a gap between contemporary urban planning theories and
practices, which hampers decision-making processes. The availability of new data analy-
sis and mapping techniques can fill this gap, which potentially threatens urban regions’
sustainable development.
Beginning from the early 20th century onwards, urban regions’ complex urbaniza-
tion dynamics have been a central debate in the urban planning and geography disci-
plines [1,2,4–6]. Studies of urban regions questioned the validity of a clear morphological
separation between polycentric and monocentric models [7]. Other studies analyzed the
complexity and hierarchy of cities and towns [8–11], in which regional policies, population,
accessibility, social and economic indicators, and infrastructural investments shape urban
development [12–16]. However, the sustainability challenges of urban regions, stemming
from rapid spatial transformation, have demanded a greater focus on the land use/land
cover (LULC) change of these areas [17,18].
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Within the literature of LULC studies, urban regions’ intra-regional variations are
a critical component of the analysis [13,19]. Recent studies on landscape metrics have
effectively investigated the spatial–temporal transformation of urban regions by captur-
ing the complex urbanization patterns in different geographical contexts, for sustain-
able land use policies [20–23]. Other LULC studies have used different analytical ap-
proaches [24,25] to demonstrate that rural areas, beyond urban fringes, are subject to more
dynamic spatial transformation than urban cores under the same pressure of regional
urbanization. Such findings undermined the validity of urban/rural division and adminis-
trative borders in assessing regional urbanization, and revealed the wide-felt urgency for
new theoretical concepts.
Research in urban theory recently reformulated the holistic “planetary urbanization”
approach [26] to comprehend territorial urbanization beyond an urban/rural division.
This literature, however, avoids systemic non-theoretical descriptions. To assess “complex
entities” such as regions in geography, Gray [27] stresses the crucial need to create con-
cepts via categorization. In Gray’s method, exploratory analysis and composite maps are
imperative for categorization. According to Gray, these composite maps should convey the
complexity of spatial data (such as land cover) beyond homogenous concepts, however, he
does not define an analytical procedure to generate such maps. Recent progress in data
analysis has facilitated data categorization. Lebart’s [28] method on “complementary use
of correspondence and cluster analyses” is an exploratory (unsupervised) data analysis
technique that can be used for data categorization. The complementary use proposed
by Lebart minimizes the methodological problems of both correspondence analysis and
cluster analysis, and thus enables the generation of composite land cover maps based on
data categorization.
Despite these theoretical, empirical, and methodological advances; some areas in the
study of urban regions demand more scrutiny. First of all, the indirectly proportional
relationship between comprehensiveness and resolution in mapping is a challenge for
urban regions’ cartographic representation [27]. Regional scale demands comprehensive
maps, yet urban areas cover a small portion of the regional scale, meaning such maps
should have adequate resolution to capture spatial intra-regional variations, and they
should also be visually communicative. Furthermore, to reflect the spatial intra-regional
variations, regional maps should avoid thematic uncertainty and over-generalized legends.
Second, the sustainable spatial development of urban regions demands coordination
between regional policies and planning interventions. Despite the recent advances in
sustainable land use planning, contemporary regional policy and planning practices lack
clear guidelines for connecting research and practice.
These theoretical, representational, and planning challenges for urban regions ma-
terialize in the Marmara Region, which is Turkey’s most densely populated, ecologically
diverse, and economically advanced region [29]. Despite the infrastructure investments,
legislative changes, and rapid urban development in the Marmara Region, and particularly
in Istanbul since the 2000s (Appendix A), few studies have addressed the regional urbaniza-
tion in this area [30–32]. While this rapid regional urbanization has raised environmental
concerns [31,33], neither Istanbul’s contemporary urban sprawl at a regional scale, nor the
Marmara Region’s contemporary urbanization patterns have been systematically studied.
Correspondingly, very few studies have assessed the LULC change of larger systems
of urbanization in Turkey beyond the metropolitan scale [34]. The unavailability or inacces-
sibility of institutional digital spatial data in Turkey discourages such studies. The CORINE
land cover (CLC)’s broad spatial scope, continuous geometry, land cover type diversity,
and consistency [35,36] facilitates such studies. While high-resolution land cover maps can
be obtained via different resources [37], in contexts with limited data access, CLC, as an
institutionally open resource, provides baseline data for regional research and comparative
studies. However, the scope and content of CLC data demand further processing.
This paper fills the addressed gap in the literature by deciphering the Marmara
Region’s urban transformation between 2006 and 2018, during a transitory period of urban
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policy and infrastructural development. The research questions are: (1) To what extent can
a distinct, integrated intra-regional urban network be identified in the Marmara Region
between 2006 and 2018, based on urbanization patterns? (2) Have the simultaneously
initiated regional policies and mega-projects effectively addressed the region’s spatial
transformation? (3) In what ways can this study’s findings contribute to new approaches
and concepts in regional theory for effective urban planning and policymaking?
To answer these questions this study generates composite maps of the Marmara Re-
gion based on CLC data for 2006, 2012, and 2018, by utilizing Gray’s [27] exploratory
approach and Lebart’s data analysis model [28]. These composite maps demonstrate the
coexistence and intensity of different urban land cover types, and reveal the complex
regional urbanization patterns, providing the much-need spatial framework ignored by
the contemporary regional policies and planning interventions. Hence such maps can be
utilized as guidelines for sustainable regional policy and planning frameworks. The find-
ings of this study contribute to the theoretical, empirical, and methodological discussions
about urban regions by revealing the idiosyncratic patterns and sustainability challenges
of one of the world’s fastest-evolving examples.
2. Materials and Methods
2.1. Data Collection
Although urban areas compose a tiny share of land, both regionally and globally, they
are incredibly dense, hosting the vast bulk of human activity, and are in constant flux. They,
therefore, have tremendous economic and environmental impacts [38,39]. An important
way of understanding these dynamics is to monitor change in the land cover [13,38,40,41].
In the case of Turkey, and the Marmara Region in particular, despite recent progress in
land use and land cover studies [42–44], little attention has been paid to understanding
the dynamics of the urban fabric as an indicator of regional urbanization. Drawing on
land cover data and adopting the exploratory method detailed below, our study takes an
innovative approach to understanding the spatial dynamics of urban transformation in the
Marmara Region. It applies multiple correspondence analyses (MCA) and cluster analyses
using the CLC classification system to offer an overview of the urban fabric land cover
change between 2006 and 2018; a period of substantial changes in regional urban policy
and mega-infrastructure investments.
The principal source of data for the present study is the CLC data generated by the
European Environment Agency [45]. CLC data, which provide a standardized system to
evaluate regional urbanization beyond administrative boundaries within Europe, have
been used in several influential land cover studies across different contexts to assess
different scales of urbanization [34,37,46–48]. CLC utilizes “a minimum mapping unit
(MMU) of 25 hectares (ha) for areal phenomena and a minimum width of 100 m for linear
phenomena” [45]. Level-4 CLC data for 2006, 2012, and 2018 for Turkey were obtained from
the Republic of Turkey Ministry of Agriculture and Forestry. To assess the urbanization
patterns and dynamics in the Marmara Region, all CLC land cover classes were used
under five groups. The first three were the three level-4 classes: (a) 1.1.1 continuous urban
fabric (CUF); (b) 1.1.2.1 discontinuous urban fabric (DUF); and (c) 1.1.2.2 discontinuous
rural fabric (DRF), classified under the level-1 artificial surfaces class and level-2 urban
fabric class. These were evaluated individually to identify the region’s urban land cover
transformation. The fourth group comprised the other land cover classes under artificial
surfaces: 1.2 industrial, commercial and transport units; 1.3 mine, dump and construction
sites; and 1.4 artificial, non-agricultural vegetated areas (collectively, IMA). The fifth group
comprised the other level-1 classes: 2 agricultural areas; 3 forest and semi-natural areas; 4
wetlands; and 5 water bodies (collectively, AFWW).
2.2. Grid-Cell Analysis
Among others, Guan and Rowe [38] have argued that an appropriate scale is essential
to the modeling processes. Both under- and over-aggregated spatial units can potentially
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cause the modifiable areal unit problem bias that can significantly impact the results of
spatial measures. After assessing different grid-cell sizes through an iterative process
to tackle this problem a 1 km grid-cell with an overlay across the Marmara Region was
determined for several reasons. First, the 1-km grid applied on CLC data, which embodies
an MMU of 25 ha, provided the variety that was essential to assess multiple land cover types
simultaneously, and to demonstrate the complexity of urbanization dynamics. Second,
while the 1-km grid was adequate for both computational operations it also enabled the
visualization of the fundamental patterns at the regional scale, which is imperative to
answer the research questions posed for this study.
For the pre-processing phase, the WGS 1984 UTM Zone 35 was applied as the co-
ordinate system for the Marmara Region land cover data. The land cover data and the
1-km grid were merged in ArcGIS to monitor and statistically analyze the spatiotemporal
transformation of the new shapefiles for 2006, 2012, and 2018. Each grid-cell within the
new shapefile, embodying the land cover information within the cell’s borders, was coded
with a unique cell ID, consistent across different years. This table was imported into a
spreadsheet to create a matrix of the unique cell IDs with the areas of each land cover
category within each 1-km grid. To decrease the differences in the deployment of urban
land cover, grid-cells without urban fabric land cover classes (CUF, DUF, and DRF) were
excluded from the analysis. Hence, the study relates exclusively to urban fabric land cover
classes extracted from CORINE system developments aggregated into 1-km grid-cell units.
Each unit is described through areal shares.
2.3. Modeling Structure
Brenner and Katsikis used night light maps to depict urban agglomerations as settle-
ment footprints [49]. Yet, if one wishes to go beyond such exploratory visualizations, the
empirical analysis of spatial formations at the regional level poses challenging ontological
and methodological problems. In her seminal contribution to the study of spatial forma-
tions at regional and supra-regional scales, Coucelis showed that object-based models
are not suitable for representation, and she stresses the relevancy of field-based ontol-
ogy [50]. Gray suggests that the reliable and valid representation of complex spatial entities
(like urbanized areas) at regional-scale accuracy unavoidably requires a disaggregated
approach [27]. Gray’s exploratory approach does not intend to detect the “ultimate” truth,
but aims to generate useful composite maps depicting complex spatial entities, such as
regions or forests (Figures 1 and 2).
Gray’s conceptual model, however, does not specify any particular analytical proce-
dure for data reduction and/or pattern recognition. Interestingly, conventional tools for
data analysis are not particularly suitable for disaggregated spatial data. For instance, sim-
ple correspondence analysis and MCA, being over-sensitive to outliers, are rather inefficient
in processing disaggregated spatial data. Outliers with unique profiles may significantly
affect the position of all other observations in the first dimension, and lead to rating mis-
leading projections on subsequent ones. The same holds true for most cluster analyses,
which may not necessarily generate groups with “congruent attribute profiles” [51,52] and
are not particularly sensitive to outliers. Unfortunately, their pattern detection capability
is generally indirectly proportional to the number of features taken into account. The
“complementary use of correspondence and cluster analyses” proposed by Lebart [28] is
an exploratory (unsupervised) data analysis technique that alleviates significantly these
methodological problems. Combining MCA with a cluster analysis that further compresses
the number of attributes, therefore, increases the accuracy of the operation, and enhances
the interpretability of the results [28].
In the modeling phase, the combinatory use of MCA and cluster analysis is achieved
via two main steps (Step 2 and Step 3, Figure 3), MCA is used for data reduction and
pattern recognition (defining coordinates of row points). The clustering of cases proceeds
in two steps. The preliminary clustering (Step 2.2, Figure 3) aims to keep the misleading
effects of outliers under control, and to reduce the number of cases down to a level suitable
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for hierarchical clustering (Step 3.2, Figure 3). The preliminary clustering is carried out
through genetic algorithms like Kmeans [28] that do not require dissimilarity matrices. The
clusters generated in the first phase (Step 2, Figure 3), constitute the inputs to the MCA
in the second step (Step 3.1, Figure 3), where each cluster is represented by the profile of
its “weighted central object”. In the third step, clustering is done through hierarchical
algorithms (like Ward’s procedure) (Step 3.2, Figure 3). In this step, clusters are selected
with respect to their marginal contributions to “within-group variance” (i.e., the “elbow”
method and labeled referring to over-represented modalities [53] that are identified through
signed Chi square indices).
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The last step (Step 4, Figure 3) comprises the labelling and visualization of results.
The concentration of land cover types for each map is depicted through contingency tables
(Appendix C) in which the over-represented land cover types are identified through signed
Chi indices [53]. This differentiation is reflected in the legends by color-coding. Distinctively
overrepresented land cover types are written in red; significantly overrepresented land
cover types are written in bold. Subsequent to logarithmic normalization, the intensity
of each land cover type was expressed with an index between 1 (lowest) and 7 (highest)
(Appendix D). These intensities are also demonstrated in the legends. Map areas where
CUF is predominant are shaded in tones of red while areas where DUF is predominant are
colored orange and yellow, and DRF and AFWW values are colored in purple (Figure 4).
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The analysis of this data set with Lebart’s model enabled us to detect and map units
with distinctive urban land cover profiles. Analyses on the study area suggested that the
complementary use of correspondence and cluster analyses: (1) Keeps the misleading
effects of outliers under control; (2) Minimizes the risk of spatial and classification errors;
(3) Generates clusters with congruent attribute profiles; (4) Minimizes thematic uncertainty;
and (5) Last but not the least, produces legible maps and interpretable clusters. The
empirical analysis of land cover transformations in the Marmara Region illustrates the
relevancy of this approach.
3. Case Study
3.1. Novel Changes in Regional Urban Policy
Turkey’s urban structure is based on a two-level administrative system, with 81
provinces directly connected to the central state without any intermediary regional authori-
ties [54,55]. Since 2000, policy shifts triggered by Turkey’s EU accession and a significant
increase in urban infrastructure nvestm nt triggered a new era of regional urbaniz tion
under globalization. Turkey’s EU accession efforts prompted a novel set of regional poli-
cies [54,56]. The first was Law No. 2002/4720, enacted in 2002, which adopted the EU’s
three-level NUTS (nomenclature of territorial units for statistics) model (Appendix A,
Appendix E). This established Turkey’s first legal definition of regions, which had been
hitherto defined as g ographical units. The second important law was the establish ent of
regional evelopment agencies (RDAs) via Law No. 5449, enacted in 2006, base on the
twenty-six NUTS 2-level regions [57].
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The objective of establishing RDAs was to reduce inter-and intra-regional inequality
and foster economic development and competitiveness. It was thus a landmark shift
from Turkey’s traditional top-down approach to a more decentralized model [58,59]. The
RDA’s units, which are only functional (i.e., non-administrative) [60], have been heavily
criticized for several reasons. First, critics contend that the State Planning Organization
developed them without consulting the local authorities most affected [55,61]. Second,
at the NUTS 2-level, the units lack decision-making power, which limits the capacity
of the RDAs [30,62,63] and undermines effective regional planning [64]. Additionally,
critics highlighted the continued influence of central government, with control over much
decision-making within RDAs retained by the Ministry of Development in Ankara and
centrally-appointed provincial governors [55,58,63,64].
In 2012 two crucial urban development laws were published in the official gazette:
Law No. 6360 (the Metropolitan Municipality Law) and Law No. 6306 (the Regeneration of
Areas under Disaster Law). Contrasting the regionalization efforts of the previous policies,
these new laws opted for centralization, which affected urban fringes and rural areas.
Law No. 6360, implemented in 2014, transformed villages situated within metropolitan
municipalities into districts and deprived them of their rights to village commons by con-
necting them to metropolitan municipalities. Law No. 6306 increased central government
authority over urban planning decisions by designating “risky” and “reserve” areas [65].
Finally, Turkey’s transition to an authoritarian presidential system in 2018 nullified its pre-
vious EU accession efforts in the early 2000s, diminishing the development of democratic
urban governance.
3.2. Urban Development in the Marmara Region
3.2.1. A Brief Historical Development of the Marmara Region
The Marmara Region, as Turkey’s most urbanized, industrialized, and globally con-
nected region, has been a core focus of these policy developments. This preeminence is
due to the dominance of Istanbul (the primate city), which is separate from the rest of the
urban hierarchy, including Izmit and Bursa [29]. An influential body of scholarship has
focused on the Marmara Region’s urban regional qualities [29,66,67], and consequently on
the regional urbanization dynamics in Turkey [34].
The boundaries of Turkey’s geographic regions, declared at the First Turkish Geogra-
phy Congress in June 1941, are based on a diverse set of parameters, including physical
morphology, climate, vegetation, agricultural, and demographic properties [68]. With a
total area of 67,000 square kilometers, the geographic Marmara Region comprises 11 out
of Turkey’s 81 provinces (Istanbul, Edirne, Kirklareli, Tekirdag, Kocaeli, Sakarya, Yalova,
Bilecik, Bursa, Canakkale, and Balikesir) and 153 districts. Its geography hosts a tran-
sitory ecology between the Mediterranean and Black Seas that includes two straits, the
Dardanelles and the Bosporus, and an inland sea, the Sea of Marmara.
The Marmara Region’s urban network intensified through infrastructural and indus-
trial investments from the mid-19th century to the late-20th century [56,66,69]. Over the
course of the second half of the 20th century, the region became the subject of a diverse set
of policies and plans. These plans include the ring road proposed by Luigi Piccinato and
the northeastern industrial corridor suggested by Tuğrul Akçura that shaped the region’s
infrastructural development and land use patterns [70].
The August 1999 Eastern Marmara earthquake, in which around 18,000 people died,
revealed the vulnerabilities of regional policies and building stock, and had a heavy eco-
nomic cost regionally and nationally [71,72]. Nevertheless, from around 2000, Istanbul
gained prominence as a logistics and finance hub, while continuing to dominate regional
development, with Bursa and Kocaeli as close seconds [57]. Many of Istanbul’s small but
globally integrated ports have thrived, transforming the Sea of Marmara into a regional
port system, well integrated into the global port network [57,73]. The urban expansion of
Istanbul continued into the 2000s, while the government invested in multi-nodal regional
transportation to increase inter- and intra-regional connectivity [57]. Government invest-
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ments comprised a series of mega-projects initiated between 1998 and 2017: the Marmaray,
the Gebze-Orhangazi-Izmir Motorway, the Ankara–Istanbul High-Speed Railway, the Os-
mangazi Bridge, the Yavuz Sultan Selim Bridge, Istanbul Airport, the Northern Marmara
Motorway, the Istanbul Canal, and the Canakkale 1915 Bridge (Figure 5 and Appendix A).
These projects were steadily announced by the government without any comprehensive re-
gional planning vision and public engagement. Specifically, the mega-projects in Istanbul’s
northern territory and the Istanbul Canal project (Figure 5) generated controversy and
criticism from various professional groups for breaching the 2009 Istanbul Environmental
Plan, which intended to protect Istanbul’s freshwater and forest systems [74]. Despite
a series of reports on the shortcomings of these projects from professional groups [75],
the mega-projects were fully embraced by the real estate sector. They were perceived as
opportunities for massive regional land speculation, specifically around natural reserve
areas [76–78]. The top-down structure of these projects also hindered collaboration for
regional decision-making.
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Besides these rail and road mega-projects, which changed accessibility patterns within
the Marmara Region, there were other infrastructural investments. These included port
projects like Asyaport, implemented in 2015 [31], and dam projects (the Greater Istanbul
Water Supply Project, Melen System to provide drinking water for Istanbul from the
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Melen Stream, and the Hamzadere Dam project and surrounding agro-industrial zone in
Thrace) [31]. Other interventions included train-ferry services to further enhance integrity
within the Marmara Region, and international infrastructural investment through the
TurkStream natural gas pipeline [31,79].
3.2.2. The Restructuring of Regional Boundaries via Novel Policies
The implementation of Law No. 2002/4720 had divergent impacts on the Marmara
Region. The law created three new NUTS 1-level regions: West Marmara Region, Istanbul
Region, and East Marmara Region. Subsequently, five RDA’s were established under Law
No. 5449. On the one hand, these new administrative units established a legal definition
for the region; on the other hand, they drastically changed regional boundaries (Figure 6),
and dismantled the geographic Marmara Region [30].
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Despite the common macro-economic approach to the Marmara Region, as the most
developed region in Turkey, many studies have revealed that it is subject to different
internal dynamics [31,80]. The RDAs representing the Marmara Region developed a series
of “2010–2013 plans” and “2014–2023 plans” with invaluable information about these
internal dynamics and the future goals of each RDA [79,81–89]. The 2014–2023 plans
provide considerable fine-grain information concerning land use plans, sustainability goals,
transportation networks, and the like [79,82]. However, due to the NUTS 2-level limitations,
the plans lacked a holistic approach to address dynamics at larger urbanization scales. This
has led to a set of disconnected policies. For instance, although the 2014–2023 plan for
Istanbul includes logistics regions and a connecti ns plan for the Sea of Marmara, Eastern
Marmara and Thrace pre ent themselves as logistic centers in the 2014–2023 plans without
an integr ted approach [79,89]. The mega-projects and the utilizatio of these projects to
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benefit each NUTS 2 region also became an integral part of the RDA plans, and are often
discussed in relation to Istanbul’s impact on neighboring RDAs [79].
Law No. 6360 (Appendix A) increased the Metropolitan Municipalities to seven
(Tekirdag, Istanbul, Kocaeli, Sakarya, Bursa, Balikesir, and Eskisehir) in the study area,
while the transformed villages in these municipalities lost their legal status and autonomy
regarding village commons. Law No. 6306’s (Appendix A) regional scope is more closely
associated with land use development of natural areas, specifically around Istanbul. Via this
law, significant parts of the province’s natural reserves were declared “reserve areas” and
allocated for mega-projects [65]. All these policies have generated different administrative
bodies and changed the boundaries of the region’s administrative units, creating confusion
regarding the degree of legal authority and collaboration among regional decision-making
bodies. In turn, this has led to a fragmented collection of administrative units, based on a
city–region level.
While we acknowledge the historical importance of the geographic Marmara Region
within the region’s planning history, the three NUTS 1 regions, West Marmara Region,
Istanbul Region, and East Marmara Region, were designated as the study area to discuss the
post-2000 policies and plans (Figure 6). This area of 96,000 sq. km is home to 27.24 million
people (approximately 32.7% of Turkey’s population) [90].
The present study focuses on changes in the urban fabric, rather than economic
indicators and population statistics, to investigate if the aforementioned regional policies
and mega infrastructure projects effectively addressed the Marmara Region’s urbanization
dynamics between 2006 and 2018. The results help in understanding the region’s urban
development qualities during the study period in relation to these changes. Thereby, this
study’s findings make a significant contribution to critical theories in regional planning
and effective regional policymaking at a broader scale.
4. Results
4.1. Urban Fabric Land Cover Composition in 2006
While the land cover maps demonstrated in this section reveal a diverse set of rela-
tionships between urbanization patterns and dynamics, we focused on the fundamental
patterns at the regional scale. The 2006 map (Figure 7) shows regional urbanization at the
beginning of the study period (Appendix A). Nine morphological clusters are mapped,
ranging from densely urbanized areas to rural clusters with diverse mixtures of land cover
groups. Out of the 99,936 cells in the overall land cover data set, the processed set comprises
9064 1-km grid-cells that include at least one artificial land cover type. According to the
MCA factorial map (Appendix B), the first two axes explain two-thirds (64.3%) of the total
inertia (dimension 1 accounts for 43.2%, and dimension 2 accounts for 21.1%).
In the 2006 data set, CUF, DUF, and DRF respectively accounted for 5.94%, 6.81%, and
11.37%; IMA accounted for 5.94%, and AFWW for the rest (69.93%) of the total land cover.
Land cover clusters generated from the 2006 data suggest the following four distinctive
regional sectors: (1) Istanbul metropolitan area; (2) Poly-centric urban centers in the eastern
Marmara Region, comprising Kocaeli (Izmit), Sakarya, Duzce, Bolu, Yalova, Bursa, and
Eskisehir; (3) Thrace region in the northwestern Marmara Region; and (4) Southwestern
Marmara Region. As opposed to Istanbul and the eastern Marmara Region, Thrace and the
southwestern Marmara Region are both predominantly rural. The urban fabric land cover
composition in the 2006 map demonstrates that while the first two sectors are composed
of land cover categories in which CUF, DUF, and IMA are distinctively over-represented,
Thrace and southwestern Marmara are composed of land cover categories in which DRF
and AFWW are distinctively over-represented. These four major clusters, illustrated in the
2006 map, demonstrate a fragmented administrative city–region structure. The 2006 map
also demonstrates that metropolitan centers and poly-centric urban formations already
coexisted in 2006.
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Figure 7. Urban fabric land cover composition in 2006.
4.2. Urban Fabric Land Cover Composition in 2012
The data set for artificial land cover types comprised eleven legends covering 9240 1-km
grid-cells. Figure 8 summarizes the characteristics of this distribution. The first two axes of
the factorial map explain 54.81% of the overall inertia. The first dimension accounts for
31.73%, and the second 23.08% (Appendix B).
In the 2012 data set, CUF, DUF, and DRF respectively accounted for 5.89%, 7.56%,
and 11.42%, while IMA and AFWW covered 6.05%, and 69.09% of the total land cover,
respectively. When the land cover percentages of the 2006 and 2012 data sets are compared,
the most significant change is observed in the share of DUF values, with an increase of
10.87% (0.74 percentage points). Within the overall framework, the significant increase in
DUF indicates rapid urbanization and changing urban dynamics at the regional scale. In the
2012 map, four sectors, differentiated by distinctive land cover profiles, can still be detected.
However, they were subject to substantial changes within a span of six years, increasing
the complexity and hybridity of the regional urbanization. Three primary tendencies can
be identified in Figure 8: increased urban density, urban expansion, and leapfrog urban
Remote Sens. 2021, 13, 664 13 of 30
sprawl. The increases in urban density and urban expansion were primarily observed in
metropolitan areas, provincial centers, and districts, while leapfrog sprawl was observed
in satellite towns.




Figure 8. Urban fabric land cover composition in 2012. 
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pared, the most significant change is observed in the share of DUF values, with an increase 
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Figure 8. Urban fabric land cover composition in 2012.
Land cover categories in which CUF, DUF, and IMA are distinctively over-represented
increased in the provincial centers of Tekirdag, Kirklareli, Edirne, Sakarya, Bursa, Eskisehir,
Canakkale, and Balikesir, as was also the case in district centers in Thrace and southwest-
ern Marmara (namely Luleburgaz, Babeski, Corlu, Cerkezkoy, Marmaraereglisi, Kesan,
Bandirma, Biga, Can, Edremit, Karacabey, and Mustafakemalpasa) and around the Gulf
of Izmit. Due to this transformation that was mainly observed along the major highways,
there were significant changes, crystallized in the disrupted rural structure in Thrace
(Figure 9) and the southwestern Marmara Region as distinctive urban nodes. Interestingly,
this change was noticed by the policymakers. Therefore, Thrace, Luleburgaz, Corlu, and
Cerkezkoy were designated as an industrial axis and primary development area in the
2014–2023 Thrace plan [79].
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Figure 9. Urban fabric land cover comparison of Thrace and Istanbul for 2006 and 2012.
The first three legends with the highest CUF, DUF, and IMA values (Figure 8) also
show the dramatic urban expansion in Bursa, the region’s second-largest city, and in and
around Istanbul (Figure 9). Due to significant increases of the same legend categories,
leapfrog urban sprawl, the third land cover development typology, was observed within
the satellite towns surrounding Bursa and Istanbul.
A substantial part of the land cover transformation between 2006 and 2012 occurred in
Istanbul’s northern fringes, the province of Bursa, and southwestern Marmara; all situated
near mega-infrastructure projects, either recently announced or under construction. Further
environmental degradation can be expected in these areas once these projects are fully
operationalized. For instance, a recent World Wide Fund for Nature report estimated that
83 sq. km of land will be opened for development, while 134 sq. km of agricultural land
and forest land will be destroyed [33] if the Istanbul Canal project is carried out.
4.3. Urban Fabric Land Cover Composition in 2018
The 2018 land cover map comprises eleven legends covering 9748 1-km grid-cells
(Figure 10). The first two dimensions of the factorial map explain 45.25% of the overall
inertia (Appendix B). The first dimension accounts for 30.25%, while the second for 15.00%.
In the 2018 data set, CUF, DUF, and DRF respectively accounted for 5.46%, 8.21%, and
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10.75%, while IMA and AFWW covered 6.17% and 69.40% of the total land cover, respec-
tively. Between 2012 and 2018, DUF increased again by 8.73% (0.66 percentage points),
while the shares of CUF and DRF decreased. Istanbul expanded less towards its northern
periphery between 2012 and 2018 than it did between 2006 and 2012, demonstrating that
land speculation had already started before the construction began on the mega-projects.
In contrast to Istanbul, urban sectors adjacent to the city centers of Bursa and Eskisehir
expanded significantly. The most striking part of the 2018 maps, however, is massive
rural sprawl at the regional scale (represented by the last three legends, in which DRF
and AFWW are distinctively over-represented). This pattern increase is observed around
two main axes: first, the eastern Marmara axis (including Kocaeli, Sakarya, Duzce, and
Bolu) that overlaps with an earthquake fault line (Figure 11); second, along the Gebze-
Orhangazi-Izmir Motorway, and especially around western Bursa (including Karacabey
and Mustafakemalpasa).




Figure 10. Urban fabric land cover composition in 2018. 
Figure 10. Urban fabric land cover composition in 2018.
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The land cover transformation between 2006 and 2018 demonstrates that certain
patterns of regional urbanization paralleled ongoing mega-infrastructure projects. This
development included urban sprawl toward the north of Istanbul, encroaching on the forest
lands and water basins, and densification and expansion of linear urban devel pment
in southeastern Marmara lon the Ge ze-Orha gazi-Izmir Motorway, encroachi g on
wetlands, agricultural l d, and forest areas (CORINE, 2 18). Between 2006 and 2018, DUF
had the most significant change in the overall share of land cover. The changes betwee
2006 and 2012, and 2012 and 2018 displayed great variance: densification, expansion,
and leapfrog sprawl dominated the former, whereas the latter was dominated y rural
spr wl. These changes transform d the four distinctive regional s ctors into a more hybrid




This study aim d to shed light on the intra-regional variations and transformation
dynamics of the Marmar Region’s urbanizatio patterns. Therefore, the study nvestigated
the regi n’s urban land cover change between 2006 and 2018, a transitio period for rban
policy and infrastructur l evelopment in the region. The major findings demonstrate
four major clusters within the Marmara Region, and Istanbul, the primate city with an
oversaturated core, displayed a gapless pattern of expansion toward ex-urban areas that
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threatens the province’s freshwater systems and forest areas. The second cluster is the
urbanized eastern Marmara Region of financially stable and rapidly urbanizing cities,
including Kocaeli, Bursa, Sakarya, Duzce, Bolu, and Eskisehir, and which is subject to rural
sprawl. The third cluster, Thrace, with its robust rural network, became diluted by the
urban development that has expanded inland along the highways. The fourth settlement
group, the rural southwestern Marmara Region, witnessed urban densification and rural
sprawl along the Gebze-Orhangazi-Izmir Motorway axes.
The land cover analyses between 2006 and 2018 reveal rapid urbanization of the
region, formerly comprised of four distinct areas, into a more complex and hybrid structure
in which “densification and sprawl” take place simultaneously. These findings are essential
to discussing whether simultaneously initiated regional policies and mega-infrastructure
projects have effectively addressed these changes. That is, did these policies and projects
provide an adequate framework to respond to the emerging spatial dynamics of the region?
5.2. Urban Transformation Dynamics Versus Policy Changes and Mega-Projects
The dramatic changes between 2006 and 2018, particularly the densified district cen-
ters in the rural structures of Thrace and the southwestern Marmara Region, and the sprawl
along the Gebze-Orhangazi-Izmir Motorway, reveal that former structural differences have
rapidly diminished. Thus, the novel, medium-scale, city–region-like governmental units
generated by Law No. 2002/4720, Law No. 5449, and Law No. 6360 have failed to ade-
quately capture the degree of convergence on the ground. Likewise, Law No. 6360 cannot
be justified on the grounds of the Marmara Region’s rapid urbanization, because, despite
the massive change, the rural network within the new metropolitan municipalities, such as
Balikesir and Tekirdag, did not immediately gain “urban characteristics”. Meanwhile, Law
No. 6306 and the mega-projects have encouraged land speculation and sprawl, specifically
in Istanbul’s northern territory, thereby invalidating the Istanbul Environmental Plan.
Moreover, the findings reveal that regional resources in rapidly transforming rural ar-
eas are even more endangered by rapid urbanization. Urban sprawl to the north of Istanbul
(encroaching on the city’s forests and freshwater systems), the densification and expansion
of linear urban development in the southeastern Marmara Region towards the southwest-
ern Marmara Region (along the axis of the Gebze-Orhangazi-Izmir Motorway), occupying
wetlands, agricultural land, and forest areas [45], and the urban sprawl in the eastern
Marmara Region along the earthquake fault line pose fundamental sustainability problems.
This approach essentially demonstrates that regional resources and sustainability con-
cerns were neglected during decision-making processes, and points to further dissonance
between the spatial dynamics of the Marmara Region during the study period and the
capacity and scope of the simultaneously initiated interventions. These results verify the
findings of recent studies that have criticized the top-down, uncoordinated, and fragmented
nature of the aforementioned regional policies and mega-projects [30,55,58,61–64,75]. The
coexistence of different urbanization patterns corresponds to the findings of the other
studies [20–24] that focused on the land use land cover change of urban agglomerations,
and providing policy frameworks for sustainable land use development. The coexistence of
persistence and dynamic change in the Marmara Region’s rural areas essentially coincide
with Salata’s findings on Milan’s urban region [24].
5.3. Theoretical Contribution and Planning Implications
The study’s empirical findings make a crucial contribution to theoretical debates by
demonstrating a hybrid urbanization pattern at the regional scale that is neither polycentric
nor dominated by the primate city [7]. The speed and scope of urbanization in the Mar-
mara Region between 2006 and 2018 also verify the critiques of administrative boundaries’
relevancy as the main unit of spatial analysis to assess contemporary urbanization [49].
This raises the critical question of how contemporary urban planning and policymaking
tools can transform this self-organizing structure to ensure sustainable regional develop-
ment. More specifically, the findings provide an essential framework for determining how
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simultaneous densification and sprawl can be used to create a balanced and integrated
urban region that does not threaten regional resources.
Here, this study has two key implications. First, land use change is an important sig-
nifier of urbanization dynamics and environmental sustainability [24]. Therefore, effective
land use planning should be incorporated into regional policymaking [91] to avoid fait
accompli urban planning applications. Beyond polycentric or centralist models, innovative
land use analysis and planning methods must be used [92] to comprehend the spatial
complexity of urban regions.
Second, in developing sustainable regional urban and ecologic development strategies
to enhance the development of a balanced and integrated network of cities, policy-makers
should urgently invest in actions that facilitate more intensive engagement and dialog
between governmental and institutional bodies, such as RDAs and the Marmara Region
Metropolitan Municipalities. Furthermore, the region’s urban transformation has tran-
scended its administrative boundaries, thereby endangering regional resources. This
perfectly exemplifies the complexities of resource management at the territorial level,
demanding transboundary collaboration between regional decision-making bodies [24].
5.4. Methodological and Modeling Limitations
In this study, we used Gray’s [27] exploratory approach and Lebart’s [28] exploratory
(unsupervised) data analysis model. We specifically focused on the distribution of ur-
ban land in the Marmara Region to understand the region’s urbanization patterns. By
adopting these approaches we aimed to obtain visually-communicative and comprehen-
sive composite maps that convey both the regional scale and the detailed intra-regional
variations of urbanization patterns. The 1-km grid applied on CLC data (after the test of
different grid sizes) enabled an adequate variety for generating morphological clusters that
demonstrated the complexity of urbanization dynamics. Hence the 1-km grid facilitated
the visualization of the fundamental urbanization patterns at the regional scale to answer
the research questions. In the grid-cell analyses, however, the selected spatial unit affected
the results. Moreover, the CLC data embodies the MMU (25 ha) and minimum width
(100 m) limitations [35]. For future studies, we recommend the use of higher resolutions,
the utilization of alternative spatial data resources, and different spatial scales (essential for
areas subject to more dynamic change) [36,37].
On the other hand, the scope and consistency of the CLC data sets, and the variety
of the included land cover types not only enabled us to track temporal changes precisely
but also provided the flexibility to transcend administrative boundaries and the limits
of population-based studies to reveal the spatial dimension of the regional urbanization.
The diversity of the urban fabric land cover types included in the Level-4 classification
of CLC data that differentiates highly urbanized areas, sprawl areas, and low-density
rural areas is an advantage in discussing urbanization patterns. However, it should be
acknowledged that the variety of land cover types in the CLC data is an obstacle, as it
prevents researchers from seeing the hidden structures of distinctive spatial associations.
In this regard, more comprehensive studies are needed on spatial pattern recognition
techniques and in-depth analysis of international case studies, particularly to elaborate on
hybrid regional development patterns and adequately address the sustainable development
challenges of these rapidly developing areas.
At this point we need to acknowledge one of the main limitations of this study, that
these maps, based on the complementary use of correspondence and cluster analyses,
reveal one of the many possible representations of the Marmara Region as a complex entity.
This limitation can be overcome by applying different pattern recognition techniques and
conducting thorough analyses of other land cover types, such as agricultural areas and
forests. Long-term scenario-based models are needed to explore the causal inferences of
the policies enacted in 2012.
Finally, it should also be acknowledged that while our study was limited to under-
standing the spatial transformation of urban regions, another important body of knowledge
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highlights the relationship of urban networks with infrastructural [93] and societal net-
works in urban agglomerations.
6. Conclusions
By utilizing Gray’s [27] exploratory approach and Lebart’s [28] exploratory (unsu-
pervised) data analysis model, this study analyzed urban fabric land cover change in
the Marmara Region between 2006 and 2018 to explore the relationship between urban
regions, mega-projects, and regional policy, and highlighting the critical importance of
land use planning for sustainable regional development. The complementary use of MCA
and cluster analysis enabled the investigation of the patterns and extent of urban land
cover distribution regionally by projecting the Marmara Region’s distinctive urbanization
dynamics. From the above discussion, we can conclude that, by utilizing this model, the
study identified a unique urbanization pattern at the regional scale, which contributes
to critiques of solely polycentric or centralist models [7] in regional planning. We found
that simultaneous densification and sprawl within Turkey’s Marmara region indicates the
complexity and hybridity of contemporary regional formations. Our findings demonstrate
a dissonance between the spatial dynamics of the Marmara Region during the study period,
and the capacity and scope of the simultaneously initiated regional policies and mega-
projects. This uncoordinated approach has further endangered the region’s sustainable
development. This unique urbanization pattern at the regional scale also revealed the
speed and scope of “planetary urbanization” [26,49]. All these findings demonstrate that it
is imperative to utilize remote sensing data to monitor and prevent sprawl and to achieve
the sustainable spatial development of the Marmara Region.
This study addressed the dissonance between the regional spatial dynamics of the
Marmara Region and the scope of the simultaneously initiated interventions between 2006
and 2018. Beyond the local case, this study’s results link theory and practice to contribute
to critiques of solely polycentric or centralist models in regional planning. Looking ahead
to future inter- and intra-regional integration, specifically the transformation of the Sea of
Marmara into the port of Istanbul, the impact of the new presidential system in 2018, and
the new local governance in Istanbul warrant more research attention to ensure ongoing
monitoring of regional urbanization in the region. Finally, to make Turkey’s urban regional
planning more effective in the long-term, more research is needed into the dynamics of the
urban–rural structure, along with comparative studies of regional development patterns,
and urban growth simulation models.
Author Contributions: Conceptualization, Ö.A.G. and C.G.; methodology, Ö.A.G.; software, Ö.A.G.;
data curation, Ö.A.G.; writing—original draft preparation, Ö.A.G.; writing—review and editing,
Ö.A.G., and C.G.; visualization, Ö.A.G.; supervision, C.G.; project administration, C.G.; funding
acquisition, C.G. All authors have read and agreed to the published version of the manuscript.
Funding: This article was sponsored by the PEAK Urban programme, supported by UKRI’s Global
Challenge Research Fund, Grant Ref: ES/P011055/1; the Shanghai Pujiang Program, Grant Ref.
2019PJC076; Supported by Open Projects Fund of Shanghai Key Laboratory of Urban Renewal and
Spatial Optimization Technology, Grant Ref. 2020030201; and the Zaanheh Project, an interdisci-
plinary project led by a team at and funded by NYU Shanghai, China. The corresponding author is
the recipient of the funding streams.
Data Availability Statement: Level-4 CLC data for 2006, 2012, and 2018 for Turkey were obtained
from the Republic of Turkey Ministry of Agriculture and Forestry.
Acknowledgments: We are grateful to Murat Güvenç for his contribution to data analysis and the
method section and we thank him for his supervision. We would like to thank Peter Rowe for his
comments and supervision. We thank the anonymous reviewers for their constructive comments.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study, collection, analyses, or data interpretation, writing of the manuscript, or decision
to publish the results.
Remote Sens. 2021, 13, 664 20 of 30
Appendix A






Figure A1. Timeline. 
  
Figure A1. Timeline.
Remote Sens. 2021, 13, 664 21 of 30
Appendix B


































































































(axes F1 and F2: 54,81%)
Variables Observations
Figure A2. Cont.





Figure A2. Factorial maps. 
Appendix C 
Contingency Tables 
Table A1. Theoretical frequencies CUF 2018 (C1\C111). Land cover categories with distinctive 
concentrations are shaded blue, those with significant concentrations are shaded yellow, 
and those with minor concentrations are shaded pink. 
C1\C111 2 3 4 5 6 7 9 
1 1.11 2.58 −0.61 −0.25 −2.34 −4.76 1.22 
2 −3.67 −5.15 −6.95 −8.71 −9.90 −10.76 7.50 
3 −3.46 −5.60 −7.35 −8.87 −9.99 −10.96 7.68 
4 −0.19 −1.48 −2.04 −2.81 −4.12 −4.47 2.69 
5 1.00 7.51 16.47 15.08 4.99 −2.96 −6.18 
6 0.90 3.99 4.09 −0.92 −1.77 3.82 −1.39 
7 7.35 2.03 4.65 4.77 7.64 12.79 −6.41 
8 5.24 10.59 10.89 14.67 12.60 −3.27 −7.37 
9 0.17 −1.42 0.33 −1.30 1.89 0.96 −0.25 
10 4.56 9.91 14.55 23.29 23.20 3.95 −12.82 
11 −0.59 2.76 2.90 7.65 22.10 54.08 −17.68 
Total 43 103 173 249 320 377 8483 
Table A2. Theoretical frequencies DUF 2018 (C1\c1121). 
C1\c1121 2 3 4 5 6 7 9 
1 1.11 22.57 24.87 23.73 −2.14 10.31 −19.82 
2 −5.92 −8.09 −10.09 −11.19 −12.75 −14.31 15.45 
3 −5.03 −7.90 −9.89 −12.61 −14.42 −14.30 16.13 
4 −2.03 −1.46 −1.27 −2.59 −4.98 −5.78 4.71 
5 1.49 −1.43 −0.57 3.14 14.03 21.98 −11.50 
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Appendix C
Contingency Tables
Table A1. Theoretical frequencies CUF 2018 (C1\C111). Land cover categories with distinctive
concentrations are shaded blue, those with significant concentrations are shaded yellow, and those
with minor concentrations are shaded pink.
C1\C111 2 3 4 5 6 7 9
1 1.11 2.58 −0.61 −0.25 −2.34 −4.76 1.22
2 −3.67 −5.15 −6.95 −8.71 −9.90 −10.76 7.50
3 −3.46 −5.60 −7.35 −8.87 −9.99 −10.96 7.68
4 −0.19 −1.48 −2.04 −2.81 −4.12 −4.47 2.69
5 1.00 7.51 16.47 15.08 4.99 −2.96 −6.18
6 0.90 3.99 4.09 −0.92 −1.77 3.82 −1.39
7 7.35 2.03 4.65 4.77 7.64 12.79 6.41
8 5.24 10.59 10.89 14.67 12.60 −3.27 7.37
9 0.17 −1.42 0.33 −1.30 1.89 0.96 −0.25
10 4.56 9.91 14.55 23.29 23.20 3.95 −12.82
11 −0.59 2.76 2.90 7.65 22.10 54.08 −17.68
Total 43 103 173 249 320 377 8483
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Table A2. Theoretical frequencies DUF 2018 (C1\c1121).
C1\c1121 2 3 4 5 6 7 9
1 1.11 22.57 24.87 23.73 −2.14 10.31 −19.82
2 −5.92 −8.09 −10.09 −11.19 −12.75 −14.31 15.45
3 −5.03 −7.90 −9.89 −12.61 −14.42 −14.30 16.13
4 −2.03 −1.46 −1.27 −2.59 −4.98 −5.78 4.71
5 1.49 −1.43 −0.57 3.14 14.03 21.98 −11.50
6 6.61 9.91 13.93 5.73 −2.50 −1.38 −5.91
7 2.04 2.79 2.77 6.77 38.91 6.71 −16.76
8 −0.66 −2.15 −1.06 6.31 11.92 23.01 −11.54
9 0.54 1.20 1.43 4.32 1.25 24.58 −9.57
10 −1.47 −0.68 −0.53 7.20 18.86 15.57 −11.86
11 6.64 6.65 10.43 6.50 −2.66 −0.91 −4.89
Total 112 228 326 521 642 668 7251
Table A3. Theoretical frequencies DRF 2018 (C1\c1122).
C1\c1122 2 3 4 5 6 7 9 Total
1 −4.70 −6.30 −8.59 −10.06 −10.24 −9.39 32.01 868.00
2 −7.43 −9.20 −12.74 −15.21 44.84 26.99 −29.97 3047.00
3 18.77 24.17 32.55 38.21 −25.00 −20.73 −30.51 3158.00
4 −4.44 −5.78 −7.58 −8.84 7.82 31.08 −12.35 517.00
5 −2.59 −3.82 −5.01 −5.84 −6.79 −5.18 19.16 226.00
6 −1.90 −1.67 −2.32 −2.73 −4.18 −3.59 10.77 95.00
7 −5.43 −6.94 −9.17 −10.54 −12.26 −9.10 34.76 775.00
8 −3.24 −4.23 −5.53 −6.15 −6.98 −6.13 20.91 276.00
9 −2.33 −3.23 −4.17 −5.00 −5.61 −4.90 16.48 191.00
10 −2.68 −3.50 −4.58 −5.34 −6.21 −5.07 17.85 189.00
11 −3.68 −5.13 −6.71 −7.83 −9.11 −7.43 26.08 406.00
Total 371 631 1082 1473 1991 1326 2874 9748
Table A4. Theoretical frequencies IMA 2018 (C1\c121142).
C1\c121142 2 3 4 5 6 7 9 Total
1 0.80 −0.65 1.78 −3.70 −0.84 1.29 0.56 868.00
2 −4.40 −5.29 −7.50 −0.58 −7.11 −9.92 7.82 3047.00
3 −1.64 −4.06 −4.29 −13.11 −14.23 −12.45 12.84 3158.00
4 2.66 4.79 5.35 6.09 6.14 −5.20 −4.33 517.00
5 −0.94 7.52 8.29 17.17 6.74 0.64 −9.67 226.00
6 1.92 5.32 1.63 3.31 −2.16 0.92 −1.91 95.00
7 4.28 0.03 3.28 7.92 10.96 12.97 −10.05 775.00
8 0.56 9.87 4.30 5.95 14.97 12.27 −11.86 276.00
9 −0.07 −0.87 0.29 −2.37 −2.51 0.01 1.48 191.00
10 4.11 4.40 6.34 5.93 14.18 12.14 −11.57 189.00
11 3.10 2.58 4.29 4.00 14.06 28.63 −14.49 406.00
Total 107 187 320 549 668 509 7408 9748
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Table A5. Theoretical frequencies AFWW 2018 (C1\c2133222).
C1\c2133222 2 3 4 5 6 7 9 Total
1 −2.95 1.16 1.00 10.00 −5.79 2.84 −6.42 868.00
2 −6.08 −6.22 −7.86 −12.35 42.18 −17.25 −14.59 3047.00
3 −9.47 −9.58 −12.14 −13.95 −29.44 45.92 −15.12 3158.00
4 −3.57 0.00 4.47 35.43 0.39 −14.96 −6.12 517.00
5 −0.96 0.17 7.65 25.62 −3.50 −9.89 −3.80 226.00
6 14.18 7.97 4.90 −1.67 −5.29 −1.74 −1.10 95.00
7 12.57 10.22 7.53 0.65 5.49 −18.21 12.26 775.00
8 15.05 17.31 24.96 6.42 −8.90 −10.93 −3.35 276.00
9 12.69 14.21 20.45 3.50 −6.56 −9.10 −2.11 191.00
10 9.33 2.35 −0.68 −3.76 −7.46 −9.05 34.68 189.00
11 0.43 −1.69 −3.73 −6.20 −10.93 −13.26 65.39 406.00
Total 277 283 467 924 2869 4222 706 9748
Table A6. Theoretical frequencies CUF 2012 (C1/Class111).
1 2 3 4 5 6 7
1 9.328 −4.274 −6.894 −8.807 −10.075 −11.367 −12.204
2 3.381 −1.151 −2.145 −3.055 −3.145 −4.704 −4.736
3 −1.487 2.649 9.537 2.664 3.699 −2.238 −2.416
4 6.238 −2.627 −3.446 −6.186 −7.056 −7.939 −8.110
5 3.330 −1.553 −2.165 −3.240 −3.425 −4.224 −4.434
6 0.259 −1.106 −1.271 0.293 0.788 2.312 −3.157
7 −2.088 2.158 1.932 4.765 3.560 0.717 0.699
8 −17.358 6.386 6.307 8.420 13.735 12.570 45.197
9 −5.763 4.549 6.512 10.073 4.627 5.813 4.673
10 −0.368 1.596 5.996 1.758 −1.457 −1.801 −0.662
11 −19.156 4.790 6.877 17.564 25.078 40.122 11.399
Total 7922 45 122 196 255 333 367
Table A7. Theoretical frequencies DUF 2012 (C1/Class1121).
1 2 3 4 5 6 7
1 17.173 −5.989 −9.994 −11.920 −14.361 −15.035 −14.059
2 −6.430 11.163 19.667 21.909 −2.628 −4.769 −5.689
3 −5.972 −1.585 −2.537 −3.018 33.666 −3.780 −2.968
4 11.204 −3.460 −6.572 −7.965 −9.559 −9.757 −9.033
5 5.039 −0.982 −0.667 −3.673 −4.319 −5.096 −5.108
6 −10.858 −1.632 −1.845 −1.173 9.578 35.187 −3.362
7 −15.864 3.157 2.058 7.325 11.554 13.240 24.810
8 −7.538 1.362 3.470 4.873 1.575 5.496 13.762
9 −13.485 1.439 1.879 2.743 9.382 14.212 21.819
10 −8.042 10.271 17.023 15.359 4.694 −2.905 −1.244
11 −14.246 2.563 5.682 7.289 10.617 17.758 12.515
Table A8. Theoretical frequencies DRF 2012 (C1/Class1122).
1 2 3 4 5 6 7
1 −33.200 −10.932 20.714 26.056 28.585 −5.346 −17.838
2 7.706 −2.879 −3.292 −4.085 −4.252 −5.159 9.823
3 13.819 −1.274 −1.867 −2.804 −3.673 −6.525 −4.484
4 −22.854 −6.825 −10.951 −13.679 −15.122 39.688 37.984
5 −12.062 65.807 −1.025 −1.228 −1.222 −8.506 −4.012
6 16.325 −2.720 −4.653 −5.587 −6.229 −4.831 −0.714
7 27.636 −3.950 −6.574 −8.326 −8.806 −8.615 −6.218
8 30.132 −4.251 −6.831 −8.697 −9.490 −10.085 −6.775
9 27.291 −3.621 −6.272 −7.860 −8.808 −9.043 −6.059
10 11.512 −1.837 −2.324 −2.842 −2.831 −4.545 −3.447
11 26.942 −3.980 −6.076 −7.736 −8.533 −8.970 −6.026
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Table A9. Theoretical frequencies IMA 2012 (C1/Class_121142).
1 2 3 4 5 6 7
1 15.796 −5.797 −9.027 −12.581 −14.391 −14.188 −12.369
2 −1.269 −1.524 −1.661 −0.573 13.225 −2.083 −5.005
3 0.783 −1.649 −2.042 −3.163 −3.125 −3.567 10.075
4 4.387 −1.472 −2.617 −2.767 −4.494 −0.187 −7.880
5 −2.510 5.590 10.864 14.025 −4.549 −4.961 −3.826
6 2.432 −1.697 −1.728 −2.026 −2.717 −0.946 −1.950
7 −3.651 −0.005 2.122 4.441 5.723 5.255 −3.110
8 −13.006 2.727 5.214 6.522 10.689 14.095 15.522
9 −13.824 6.020 6.901 7.466 13.574 15.063 10.524
10 −6.238 7.413 11.925 9.088 2.853 −2.012 3.468
11 −17.489 5.005 3.086 7.278 11.291 17.530 30.041
Table A10. Theoretical frequencies AFWW 2012 (C1/Class2133322).
1 2 3 4 5 6 7
1 −16.437 −6.340 −10.603 −13.409 −14.997 −28.021 39.701
2 −6.796 −3.055 −1.027 14.480 3.906 −6.862 2.020
3 −3.748 −1.350 −1.915 1.079 2.037 −7.395 5.998
4 −11.649 −5.701 −6.130 −8.225 1.952 57.678 −30.153
5 −4.955 −2.006 5.493 −3.640 −4.919 −10.032 10.986
6 −4.345 −1.874 −0.556 −1.163 −1.427 21.299 −11.247
7 −4.207 9.564 7.138 10.350 15.701 6.193 −16.128
8 41.120 8.715 14.348 9.830 −0.311 −11.173 −16.513
9 0.461 6.857 7.662 16.711 28.041 −8.113 −15.028
10 0.453 3.499 0.880 3.199 0.357 −5.684 1.600
11 49.844 9.267 8.702 1.651 −5.596 −9.938 −14.687
Table A11. Theoretical frequencies CUF 2006 (C1/Class_111).
1 2 3 4 5 6 7
1 10.0 −4.6 −7.3 −9.6 −10.7 −12.2 −12.7
2 2.4 0.4 2.7 −0.4 −1.6 −5.3 −6.0
3 2.4 −0.9 0.8 −1.0 −3.5 −3.8 −3.8
4 5.8 −2.7 −3.1 −5.7 −6.4 −7.3 −7.7
5 −1.1 2.6 2.7 6.2 3.0 −0.9 −3.4
6 −3.5 −0.4 2.1 1.8 3.2 5.9 5.4
7 −17.9 4.2 4.7 8.8 14.4 21.7 39.5
8 −9.8 6.9 6.8 11.3 11.6 10.4 11.1
9 −16.1 6.0 7.5 14.8 20.3 29.1 12.5
Total 7754 46 120 200 249 331 364
Table A12. Theoretical frequencies DUF 2006 (C1/Class1121).
1 2 3 4 5 6 7
1 17.0 −6.2 −10.4 −12.5 −14.5 −14.7 −14.8
2 −11.0 6.0 12.3 13.4 12.6 11.7 −5.1
3 −0.1 7.1 3.4 4.0 −0.8 −4.4 −3.1
4 9.5 −3.1 −4.0 −6.7 −8.3 −9.0 −8.9
5 −13.7 0.4 3.8 5.5 8.9 15.8 19.6
6 −8.5 2.4 4.4 7.2 12.9 −1.3 10.8
7 −5.4 1.0 1.8 4.3 1.8 4.4 9.0
8 −13.8 1.6 3.6 5.0 8.1 13.6 23.0
9 −15.3 3.9 5.6 6.7 14.5 19.0 13.1
Total 6944 92 241 342 457 503 485
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Table A13. Theoretical frequencies DRF 2006 (C1/Class_1122).
1 2 3 4 5 6 7
1 −34.7 12.3 18.3 24.1 26.8 −8.7 −18.1
2 17.8 −3.0 −3.4 −4.8 −6.5 −7.9 −0.3
3 −3.0 −3.4 −5.1 −6.9 −7.4 2.6 28.1
4 −20.7 −6.9 −10.2 −13.7 −14.6 41.2 29.4
5 22.8 −3.5 −5.3 −6.8 −7.4 −7.0 −4.8
6 18.8 −2.7 −4.4 −5.4 −6.1 −6.0 −4.0
7 28.6 −3.9 −6.4 −8.2 −8.9 −9.5 −6.4
8 31.9 −4.4 −7.1 −9.1 −10.1 −10.6 −7.0
9 23.0 −3.3 −5.1 −6.5 −7.2 −7.6 −5.1
Total 2632 332 774 1269 1554 1721 782
Table A14. Theoretical frequencies IMA 2006 (C1/Class_121142).
1 2 3 4 5 6 7
1 12.8 −4.2 −5.3 −7.3 −14.9 −10.7 −12.8
2 −0.4 −2.7 −2.5 −2.8 7.3 −0.7 0.1
3 −7.6 11.2 14.6 14.7 6.8 −4.5 −1.9
4 9.7 −4.0 −6.0 −8.0 −9.0 −8.1 −7.7
5 −6.3 1.3 3.5 6.3 10.1 8.5 −3.6
6 1.8 −0.1 −0.8 −2.4 −2.0 −2.7 0.7
7 −15.0 3.9 6.0 6.5 11.2 12.5 25.3
8 −14.2 3.4 5.1 8.2 12.9 15.4 15.2
9 −15.3 4.8 2.0 7.7 12.8 20.9 16.4
Total 7016 99 222 390 496 481 360
Table A15. Theoretical frequencies AFWW 2006 (C1/Class2133322).
1 2 3 4 5 6 7
1 −17.0 −8.9 −7.0 −11.2 −19.2 −28.7 40.9
2 −8.2 1.6 −3.2 −0.9 12.1 −1.7 −0.2
3 −2.4 −2.8 −2.3 −1.3 23.2 2.6 −9.1
4 −10.1 −5.5 −6.6 −3.6 −11.6 58.0 −26.8
5 −4.6 −2.6 0.4 −1.8 16.4 12.8 −12.9
6 −1.4 15.8 12.4 16.1 2.8 −1.0 −11.2
7 52.0 8.0 6.9 0.6 0.0 −10.5 −15.5
8 1.5 8.7 13.9 25.9 22.7 −9.0 −17.2
9 41.7 10.6 8.6 1.9 −5.1 −8.4 −12.4
Total 630 189 269 442 824 2113 4597
Appendix D




1 0% 0% 0%
2 0–0.4% 0–0.4% 0–0.09%
3 0.4–3.5% 0.4–3.5% 0.09–6.6%
4 3.6–13.1% 3.6–12.0% 6.6–23.5%
5 13.2–30.9% 13.0–30.8% 23.5–52.4%
6 31–59.4% 31.0–59.5% 52.6–84. 4%
7 59.5–100% 59.8–100% 84.4–100.0%





1 0% 0% 0%
2 0–0.3% 0–0.3% 0–0.03%
3 0.3–2.7% 0.3–2.9% 0.03–2.3%
4 2.8–9.7% 2.9–10.2% 2.3–8.1%
5 9.8–23.7% 10.3–25.2% 8.2–21.0%
6 23.8–47.5% 25.3–51.2% 21.0–46.4%
7 47.8–100% 51.3–100% 47.0–100.0%
DRF
1 0% 0% 0%
2 0–0.2% 0–0.2% 0–0.02%
3 0.2–1.6% 0.2–1.7% 0.02–1.1%
4 1.6–6.1% 1.7–6.3% 1.1–4.0%
5 6.1–15.5% 6.3–15.7% 4.0–11.0%
6 15.5–32.6% 15.7–33.1% 11.1–25.6%
7 32.7–100% 33.1–100% 26.6–100.0%
IMA
1 0% 0% 0%
2 0–0.4% 0–0.4% 0–0.02%
3 0.4–3% 0.4–2.9% 0.02–1.5%
4 3–10.4% 3.0–10.1% 1.9–6.3%
5 10.4–23.9% 10.1–23.1% 6.6–17.0%
6 23.9–43.1% 23.2–47.2% 17.2–37.7%
7 43.2–100% 47.2–100% 4.4–100.0%
AFWW
1 0% 0% 0%
2 0–0.5% 0–0.4% 0–0.09%
3 0.5–4.7% 0.4–4.3% 0.09–6.6%
4 4.8–22.1% 4.4–21.1% 6.6–23.4%
5 22.1–50.4% 21.1–49.1% 23.5–52.4%
6 50.4–79.5% 49.7–79.2% 52.5–84.4%
7 79.5–100% 79.2–100% 84.4–100.0%
Appendix E
Table A17. List of the indicated plans and policies.
Name Institution Year Purpose/Impact
Istanbul Environmental Plan Istanbul Metropolitan Municipality 2009 Prevent urban sprawl towards the north of Istanbul.
2010–2013 development plans Thrace Development Agency, Istanbul
Development Agency, Southern




2010 Fine-grain information concerning land use plans, sustainability goals,
transportation networks, and the future goals of each RDA.2014–2023 development plans 2014
Law No. 2002/4720 2002 Adopted the EU’s three-level NUTS (Nomenclature of Territorial Units forStatistics) model.
Law No. 5449 2006 The establishment of Regional Development Agencies (RDAs).
Law No. 6360 (the Metropolitan
Municipality Law) 2012 Transformed villages in metropolitan municipalities into districts.
Law No. 6306 (the Regeneration of Areas under Disaster Law) 2012 Government authority over urban planning decisions by designating “risky”and “reserve” areas.
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